ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL CONTROL METHODS

ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL
CONTROL METHODS

lvana Palunko

University of Dubrovnik

02. November, 2017.
ConDySys - Control of Dynamical Systems
2nd Project meeting

I. PALUNKO ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL CONTROL METHODS



ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL CONTROL METHODS

LEARNING SUBOPTIMAL BROADCASTING INTERVALS IN MASs

Learning Suboptimal Broadcasting Intervals in MASs

I. PALUNKO



ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL CONTROL METHODS

LEARNING SUBOPTIMAL BROADCASTING INTERVALS IN MASs

OPTIMAL DECENTRALIZED CONTROL

quantify the repercussions of intermittent feedback

e MAS control performance vs. MAS lifetime

e local Dynamic Programming (DP) problems are coupled =
nonautonomous dynamics = non-stationary cost-to-go

e the need for an online model-free Reinforcement Learning (RL)
method

e Kalman Filtering (KF) for delayed, sampled and noisy data
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IMPULSIVE DELAYED SYSTEMS

X(1) = Ax(t) + Agx(t — d) + Bw(t), t¢&T,
Y ¢ y(f) = Cx(1) + Cax(f — d) + Dw(f), t2> 1o,
x(17) = Ex(1) + Egx(f — d), teT,
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IMPULSIVE DELAYED SYSTEMS

X(1) = Ax(t) + Agx(t — d) + Bw(t), t¢&T,
Y ¢ y(f) = Cx(1) + Cax(f — d) + Dw(f), t2> 1o,
x(17) = Ex(1) + Egx(f — d), teT,

where x ¢ R™ is the state, w € R™ is the input, y € R™ is the output
and d > 0 is the time delay
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PRELIMINARIES

Lp-STABILITY W.R.T. SET AND WITH BIAS

1/
o Lpo-normw.rt. aset B C R": ||fla,b]lps = (f[a,b] ||f(s)||gds) p,
where ||f($)||z := infpep [|T(S) — b|]| and p € [1, 0]
e oufputset: By := {y € R |3b e Bsuchthat y = (C + Cd)b},
where B := Ker(A + Aqg)
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PRELIMINARIES

Lp-STABILITY W.R.T. SET AND WITH BIAS

1/
o Lpo-normw.rt. aset B C R": ||fla,b]lps = (f[a,b] ||f(s)||gds) p,
where ||f($)||z := infpep [|T(S) — b|]| and p € [1, 0]
e oufputset: By := {y € R |3b e Bsuchthat y = (C + Cd)b},
where B := Ker(A + Aqg)

DEFINITION (Lp-STABILITY W.R.T. B WITH BIAS D)

Let p € [1, o0]. The system X is Lp-stable w.r.t. a set B and with bias
b(t) = b > 0 from w to y with gain v > O if there exists K > 0 such that,
for each f; € R and each ¢ € PC([fo — d, fp], R™), each solution to
from )y at f = 1y satisfies

Iy[to, llle.8y, < Kll¥xlla,s +llwlto, flllo + [|O[fo, 1]l for each t > fo.
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AGENT DYNAMICS

e consider N heterogeneous linear agents given by

& = A& + B + wy,
¢ =G, Q)
where ¢ € R is the state, u; € R™i is the input, ¢; € R™ is the

output of the it agent, i € {1,2,...,N}, and w; € R™i reflects
exogenous disturbances and/or modeling uncertainties
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AGENT DYNAMICS

e consider N heterogeneous linear agents given by

& = A& + B + wy,
¢ =G, Q)
where ¢ € R is the state, u; € R™i is the input, ¢; € R™ is the

output of the it agent, i € {1,2,...,N}, and w; € R™i reflects
exogenous disturbances and/or modeling uncertainties

e a common decentralized policy is

u(t) ==K _(G(h) = g(h), @

JEN;

where K; is an ny, x n¢ gain matrix
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AGENT INTERCONNECTIONS
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CLOSED-LOOP DYNAMICS

° define§ = (€17--'7€N)'C = (C],...,CN) and w := (w1,...,w,\/)
e ufilizing the Laplacian matrix L of the communication graph G, we
reach

£(1) = A%E(H) + AYE(t — d) + w(t),
¢=CYg,
with
A = diag(Ay, ..., Ay),  AM=[AM],
Al = —,BKC, C% = diag(Cy, . .., Cn),
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OPTIMAL INTERMITTENT FEEDBACK

° f/ € T. i e N-broadcasting instants of the j** agent
@ asynchronous communication
@ Xi:=(...,¢—¢;...).whereie {1,...,N}andj e N,
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OPTIMAL INTERMITTENT FEEDBACK

° f,/ € T. i e N-broadcasting instants of the j** agent
@ asynchronous communication
@ Xi:=(...,¢—¢;...).whereie {1,...,N}andj e N,

PROBLEM

Foreachj e {1,..., N}, minimize the following cost function that
captures performance vs. energy trade-offs
J

15{ > Y] / 0g" P+ 4T Ru)dt + S| } ©)
= s

1

509:U,77)

for the j agent of MAS (1)-(2) over all sampling policies 7J, and for all
initial condiitions x;(fo) € R™.

I. PALUNKO ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL CONTROL METHODS



ADAPTATION AND DESIGN OF ADAPTIVE OPTIMAL CONTROL METHODS

LEARNING SUBOPTIMAL BROADCASTING INTERVALS IN MASS

_ Memobotoov. ...
INTERCONNECTING NOMINAL AND ERROR SYSTEM

@ infroduce
e(t) = (e1(h),....en(t) == {(t) — ¢(t = d)
@ closed-loop dynamics become
£(1) = A%E(H) + AME(H = d) + A%e(t) + w(P),
¢=Cl,
with Ade = [Afjle], A;le = —l;BiK;
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_ Memobotoov. ...
INTERCONNECTING NOMINAL AND ERROR SYSTEM

@ infroduce
e(f) = (er(f), ..., en(h) == {(t) — ¢(t = d)
@ closed-loop dynamics become
£(t) = A%E(t) + AME(t = d) + A%Ce(t) + w(t),
¢=Cd%,
with Acle = [Adle], Ade = —|;BK;
@ /OH sampling yields
&(t) = —((t — d) = —CU¢(t - d),
e foreach )‘{ +d e (T + d) we have
e((l+ )y =e( +d), ke {l,...,N} k#],
e((f +d)) = (1 +d)
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SMALL-GAIN THEOREM

e select
(= —CUA%(t — d) + AM¢(F - 2d) + w(t — d)]
to be the output of the nominal system for which

I€THo, flllo.5; < Knllvella,s + nll(e,w)to, Hlle @
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STABILIZING BROADCASTING INTERVALS

Suppose the communication link delay d for the MAS (1)-(2) yields (4)
for some p € [1,00]. If the broadcasting intervals i, i € N, j € {1,...,N},
satisfy (1) and (ll) for some A > 0 and M > 1 such that 2v/Mn, < 1, then
the MAS (1)-(2) is Lp-stable from w to (¢, e) wirt. (B,0n,) and with bias.
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STABILIZING BROADCASTING INTERVALS

Suppose the communication link delay d for the MAS (1)-(2) yields (4)
for some p € [1,00]. If the broadcasting intervals i, i € N, j € {1,...,N},

satisfy () and () forsome X\ > 0 and M > 1 such that %\/m’yn < 1, then
the MAS (1)-(2) is Lp-stable from w to (¢, e) wirt. (B,0n,) and with bias.

e we can always choose 7/'s such that

(D) 7 (A+r+1xMe ) < InM, and
(D) 7 (A +r+ 3Ler) < —Inxg,

with r > 0 being an arbitrary constant, ; := M and

— N-=1
o = ML
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STABILIZING BROADCASTING INTERVALS

COROLLARY

Suppose the conditions of the theorem hold and € is Lp-detectable
from (e,w, ) w.r.t. B. Then the MAS (1)-(2) is Ly-stable with bias w.r.t.
(B,0p,) fromw fo (&, e).

W ~

eZnC
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SUBOPTIMAL INTERVALS

LEAST SQUARE PoLICY ITERATION (LSPI) I

e LSPI state-action approximate value function is
Q(x(t), 7(h)) = @7 (x(h), (1)) e, ®)
where
o (x(1), (1)) = »(7(H)) @ o(x(1))

is the Kronecker product of the basis function vectors (7(f;)) and
o(x(1;)) formed with Chebyshev polynomials while a. is being
learned
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LEAST SQUARE PoLICcY ITERATION (LSPI) II

e define T(f,') = Tiy1 — 1}
e decision 7(f;) € Ais given by
(1) = hi (x(1)),
where

ura. e A every ¢ iterations,
he (x(h)) = { ye

he (x(1)) otherwise,
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SUBOPTIMAL INTERVALS

LEAST SQUARE PoLICcY ITERATION (LSPI) II

e define 7(f) ;== i1 — 1
e decision 7(f;) € Ais given by
(1) = hi (x(1)),
where

W_ JuraeA every ¢ iterations,
Py (x(1)) = { P (X(1)) otherwise,

where "u.r.a." stands for “uniformly chosen random action" and
yields exploration every e steps while h,.(x(1)) is the policy
obtained according to

he(x(t)) € arg mJn @(X(Ti), (1)) ©)
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LEAST SQUARE PoLicY ITERATION (LSPI) III

@ «, is updated every k > 1 steps from the projected Bellman
equation for model-free policy iteration

riam T ’YAIOCN + Zi7
where ~ is from (3) and
rO =~ 5r/a AU = Oa Znp = 07
E
T =Tio + o (x(t), 7(h) o (X(i-1), 7(1i21))

N = Ny + d(x(1), (1)) o (x(1), h(x(t1))) T,
z =2z + ¢(x(h), 7(h)) r(H),

where I';, A; and z; are updated at every iteration step i
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LEAST SQUARE PoLicY ITERATION (LSPI) III

@ «, is updated every k > 1 steps from the projected Bellman
equation for model-free policy iteration

riam T ’Y/\I'Oém + Zi7
where ~ is from (3) and
rO =~ 6r/a AU = Oa Znp = 07
E
T =Tio + o (x(t), 7(h) o (X(i-1), 7(1i21))

N = Ny + d(x(1), (1)) o (x(1), h(x(t1))) T,
Zi =2Zi_1 + o(x(h), (1) r(1),

where I';, A; and z; are updated at every iteration step i
@ new «, improves the Q-function (5)

e improved policies (in the sense of Problem) are obtained from (6)
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AR.DRONE PARROT QUADCOPTER IDENTIFICATION

e a group of four agents with identical dynamics

&= {8 _]Tp:| &+ LEP] U + wj,
¢=[005 0025¢,

where K, = 5.2 and T, = 0.38
e communication delay is d =0.104 s
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SIMULATION PARAMETERS

e selectkKi=...=K,=05iIn(2)

° ﬂ € A:=[r,7]

e the theorem yields 7 = 0.04 s, while we choose r = 1075 s
e tuning parameters for LSPl are: k =2 and ¢ = 50

e we choose X = [-30, 30]

e cost function parameters: vy = ... = v =0.99, P, = P; = 5b,
P4=5/3,/?] :...:l?4:50nd31 =...=34=20
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NUMERIC RESULTS I
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NUMERIC REsSULTS I1
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CONCLUDING REMARKS

optimal intermittent feedback problem in MASs

a goal function that captures local MAS performance vs. agent
lifetime trade-offs

first, compute provably stabilizing upper-bounds on agents’
broadcasting intervals

e second, bring fogether estimation (KF) and an online model-free
LSPI method to tackle coupled partially observable DP problems

e directed and unbalanced communication topologies

large delays
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CONDYS:EQUIPMENT
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Thank you for your attention!
Questions?!
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